
1 

 

A comparison of microplastic contamination in freshwater fish from 
natural and farmed sources 

 

Angela G. Garcia​1​, Diana C. Suárez​2​, Jiana Li​3​, Jeanette M. Rotchell​4 

 

1 Faculty of Exact and Natural Sciences, Universidad Surcolombiana, Avenida Pastrana Borrero            

Carrera 1A, Neiva, Huila, Colombia 

2 ​Quality Control Laboratory, Export Pez S.A.S., Km 12 vía al sur de Neiva, Huila, Colombia 

3​ College of Oceanography, Hohai University, Nanjing 210098, China  

4 ​Department of Biological and Marine Sciences, University of Hull, Cottingham Road, Hull, HU6 

7RX, United Kingdom  

 

Keywords: Microplastics;​ ​fresh water;​ ​Fish, Pollution; Aquaculture; Colombia. 
 
 
 

This is a post-peer-review, pre-copyedit version of an article published in Environmental science and pollution research. 
The final authenticated version is available online at: http://dx.doi.org/​10.1007/s11356-020-11605-2 

  

 



2 

 

Abstract 

Contamination of aquatic systems mainly by urbanization and poor sanitation, deficient or lack of              

wastewater treatments, dumping of solid residues and run off, has led to the presence of particles,                

including manmade polymers, in tissues of many marine and freshwater species. In this study, the               

prevalence of microplastics (MPs) in freshwater fish from farmed and natural sources was             

investigated. ​Oreochromis niloticus from aquaculture farms in the Huila region in Colombia, and two              

local species (​Prochilodus magdalenae and ​Pimelodus grosskopfii)​, naturally present in surface waters            

were sampled. Of the particles identified, fragments were the predominant type in the three tissue               

types (stomach, gill and flesh) derived from farmed and natural fishes. Micro-FT-IR spectroscopy was              

conducted on 208 randomly selected samples, with 22% of particles identified as MPs based on a                

spectra with a match rate ≥70%. A total of 53% of identified particles corresponded to               

cellophane/cellulose, the most abundant particle found in all fish. Not all fish contained MPs: 44% of                

Oreochromis farmed fish contained MPs, while 75% of natural source fish contained MPs in any of its                 

tissues. Overall, polyethylene terephthalate (PET), polyester (PES) and polyethylene (PE) were the            

prevalent MPs found in the freshwater fish. A broader variety of polymer types was observed in                

farmed fish. The edible flesh part of fish presented the lower prevalence of MPs compared to gill and                  

stomach (gut), with gut displaying a higher frequency and diversity of MPs. This preliminary study               

suggests that the incidence and type of MPs varies in farmed verses natural fish sources as well as                  

across different tissue types, with significantly less detected within the edible flesh tissues compared              

with stomach and gill tissues.  
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1. Introduction 

There has been a worldwide increase of the concern surrounding microplastics (MPs), particles of              

a size smaller than or equal to 5mm (Lusher et al. 2017), about their impacts on the environment as                   

well as entering the food chain (Rochman et al. 2015; Van Cauwenberghe & Janssen. 2014) due to its                  

availability for ingestion to a wide range of aquatic organisms. Increasing numbers of studies report               

their presence in the water column, sediments, and beaches (Bordós et al. 2019) as well as in different                  

animal species and variety of fish tissues around the world (Neves et al. 2015; Biginagwa et al. 2016;                  

Nadal et al. 2016; Jabeen et al. 2017; Pazos et al. 2017; ​Foley et al. 2018). As an example, in                    

commercially important species, such as ​Hoplosternum littorale ​a commonly consumed fish in South             

America, levels of MPs were observed in 83% of the fishes analyzed (Silva-Cavalcanti et al. 2016).                

Nevertheless, research regarding the abundance, microparticle type and tissue distribution in fish from             

freshwater ecosystems is more limited compared with marine environments (Horton et al. 2017). 

It is yet to be fully elucidated how such MPs reach different aquatic organisms and their tissues,                 

what their fate and biological impacts may be within these, or if there is a relationship between the                  

chemical composition of the ingested MPs and the species that ingest them. Some authors suggest that                

ingestion of MPs can occur accidentally when the fish is feeding (Bessa et al. 2018), or by the transfer                   

of these MPs within the food chain from prey to predator, where variables such as persistence,                

concentration of the MPs in preys and the time it takes to eliminate them, if they do so, are factors that                     

must be considered (Santana et al. 2017). Others authors believe that an intentional ingestion may               

occur when fish confuse the color or shape of the MP with their usual food (Ory et al. 2017). In any                     

case, this will depend on the feeding behaviour of the fish, and on the properties of the MPs (Roch et                    

al. 2020). In terms of the tissue fate of these particles within the organism, there are studies which                  

indicate that some MPs can be stored in the liver of certain species (De Sales-Ribeiro, Brito-Casillas,                

Fernandez, & Caballero, 2020) but, the greatest concern is the possibility that these compounds may be                

found in the edible part of fish (Karami, Golieskardi, Ho, Larat, & Salamatinia, 2017), posing a risk                 

for human health when ingested (Akoueson et al. 2020), as well as by the chemical properties of the                  
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MPs (type of polymer and presence of adittives), and the possibility of microbial biofilm growth               

(Campanale, Massarelli, Savino, Locaputo, & Uricchio, 2020).  

The chemical composition of the particles identified as MPs by thechniques such as FTIR or               

RAMAN in certain freshwater fish species have differed, depending on the species and sampling              

place, being the polypropylene (PP) (Slootmaekers et al. 2019; Collard et al. 2018) and the               

polyethylene (PE) (Horton et al. 2018; Biginagwa et al. 2016; Andrade et al. 2019) reported more                

frequently. Other type of polymers also found less frequently are the polyethylene terephthalate (PET)              

(Collard et al. 2018), the ethylene-vinyl acetate copolymer (EVA) (Slootmaekers et al. 2019), as well               

as acrylic fibers (McGoran et al. 2017), and polyester (Bessa et al. 2018). With studies reporting the                 

presence and chemical characterization of MPs in aquaculture being scarce. 

 

Colombia, unlike many countries, has abundant water resources, whereby the average national            

supply of freshwater is more than 2100 km​3​, equivalent to an approximate supply of 50000 m​3 per                 

capita. Nonetheless the distribution of this resource is not equitable throughout the territory, since there               

are zones of greater exploitation and water demand (Sánchez et al. 2007)(Sánchez Triana, Ahmed,              

Awe, & World, 2007b)(Sánchez Triana et al. 2007b)(Sánchez Triana et al. 2007b) Among the main               

uses are agriculture and fish farming. The latter involves an estimated export of Tilapia (​Oreochromis               

niloticus​) (for 2018) of 46.53 tons of fresh fish, with main destinations being USA and Canada                

(Departamento Administrativo Nacional de Estadística, 2019), countries where the quality of the            

product is the main characteristic demanded by consumers. The most productive Department, Huila, is              

supplied by abundant water bodies, consisting of 40 sub-watersheds and 535 basin areas, plus the               

Magdalena River, with an average annual temperature of 27 °C. In this region, 58% of the Tilapia that                  

is exported from Colombia is produced (Gómez et al. 2014). Considering these commercial interests in               

the region, it is important to investigate the presence and prevalence of MPs in fish from such                 

aquaculture sources, as well as placing such information to consumers in perspective by using fish               

from natural river sources as a comparison. 
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Herein we report on the prevalence and levels of different types of MPs in various tissue                

compartments (edible and non-edible) from farmed and wild freshwater fish sources. 

 

2. Materials and Methods 

2.1. Sample collection 

Methodology used was quantitative, transversal, where adult size ​Oreochromis niloticus ​(n=18           

individuals) were collected from three farms (n=6 each) supplied by surface waters of different origins               

(namely the Betania Dam, the Magdalena River after its pass through the city of Neiva, and the Bache                  

River) located in the Huila region in Colombia, from March to May of 2018 (Figure 1). In addition,                  

two native species ​Prochilodus magdalenae (n=6 individuals) and ​Pimelodus grosskopfii (n=6           

individuals) were obtained from local fisherman in the Magdalena River after its pass through the city                

of Neiva. The fish (n=6) from each farm sampling site and from the two local species were dissected                  

and ~5 g tissue from muscle, digestive system (stomach) and gill was extracted from each replicate                

(n=5 sampling sites plus local species, with three tissue types with six 5 g replicates). The fish were                  

transferred to the laboratory of the Exact Sciences Faculty in Universidad Surcolombiana, and were              

stored at refrigeration (2​ o​C) until further analysis (and no longer than 24 h).  

 

2.2. Hydrogen peroxide treatment of soft tissue 

The extraction method and analysis of particles from fish was developed according to the protocol               

described by Li et al. (2016). Each fish unit was rinsed with filtered distilled water, and the length and                   

weight of each were recorded. Approximately 5 g of soft tissues (flesh without skin, gill and gut) was                  

extracted from each individual (procedure performed in extraction cabinet) and placed in a 1 L flask,                

regarded as one replicate. Six replicates were used for each site and local species. 200 ml of 30% H​2​O​2                   

was added to each flask. The bottles were covered with foil films, and placed in ​incubator at 65 ​o​C                   

with frequent manual agitation (each 2 – 3 h/ during the day). The incubation time was between 24 h                   
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(flesh) until 7 d (gill) according on the digestion status of the soft tissue. The digestions were                 

concluded once they appeared clear and no obvious particles were visible. All liquids (distilled water               

and hydrogen peroxide) were filtered three times with a 1 µm filter paper prior to use to reduce                  

contamination of the samples by airborne microplastic. All of the laboratory materials used were              

rinsed three times with filtered distilled water. A blank extraction (n=6 replicates), without tissue, was               

processed simultaneously to identify and characterize any procedural contamination. 

 

2.3. Filtering of particles 

Each solution of tissue digested in hydrogen peroxide was filtered through a nitrocellulose             

filter of 47 mm diameter and pore size of 5 μm (EMD Millipore, Germany) using a vacuum system                  

(Metic-Lab GM-1.00). Next, filters were located in clean petri dishes and remained covered until              

further analysis.  

 

2.4. Abundance and characterization of particles and MPs in fish tissues 

Each filter was observed under a Leica DM 500 microscope equipped with camera ICC 50HD               

(Leica Camera AG, Germany). A visual assessment (shape and color) and counting was conducted to               

identify all particles retained on the filters according to the physical characteristics of the particles and                

based on classification described by Free et al. (2014). The filters were then carried to University of                 

Hull for the validation of the particles. 208 particles were selected from across samples from fish and                 

blanks (approximately 9% of total particles counted), and their identity were confirmed by             

Fourier-transform infrared microspectroscopy (micro-FT-IR) with a UKAS accredited PerkinElmer         

Spectrum Spotlight equipped with a mercury−cadmium-telluride focal plane array (FPA) detector           

(consisting of 16 gold-wired infrared detector elements) cooled with liquid nitrogen (Li et al. 2018).               

Analysis was conducted in transmittance mode with particles transferred from filters, using either             

tweezers or a needle, to be diamond mounted. Spectra were acquired with a minimum of 50 scans at a                   

resolution of 4 cm​-1 ​and matched using a series of polymer library databases (PolyATR, AR Polymer                
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Introductory, NDFIBS, RP, CRIME, FIBRES 3, POLY1, POLYADD1) (PerkinElmer, USA), a hit            

index of at least 70% match was considered acceptable. 161 of the analyzed particles met this                

threshold. 

 

2.5. Statistical analyses 

The normality of variables was tested with Shapiro Wilk, for variables with a normal distribution               

t-student test was used, and when normality was not observed the Wilcoxon rank sum test was used to                  

compare between natural and farmed source groups. For the comparison of morphology types and              

abundance, the Wilcoxon rank-sum test was used. Relative number of different type of MPs              

(composition) in tissue samples was analyzed based on the Odds ratio. Statistical significance was              

accepted at ​p ​<0.05. Statistical analyses of the data was performed using STATA (StataCorp) and               

SPSS (IBM, USA). 

 

3. Results 

A total of 30 individuals (18 ​Oreochromis niloticus​, 6 ​Prochilodus magdalenae​, 6 ​Pimelodus             

grosskopfii​) were analyzed in our study. Individuals’ total length ranged from 23 – 38 cm (mean 25.8                 

±0.8 cm for natural fish and mean 30 ±8 cm for farmed fish), and weight from 222 – 1798 g (mean                     

310.8 ±25.8 g in natural fish and mean 874 ±386 g in farmed) (Table S1), which indicated significant                  

differences in the individual fish sampled according to source. Farmed fish were larger and heavier at                

the Bache river farm, than fish from other origins. Natural fish were significantly smaller compared to                

the farmed fish. 

 

3.1 Abundance and morphology of particles in fish 

No significant differences between the abundance of particles in the three types of tissues per gram                

of tissue analyzed was observed, neither between farmed and natural fishes (Figure 2). However, the               
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amount of particles per gram counted was higher in gill and gut tissues compared with flesh tissues                 

(Figure 2). ​When microparticles recovered from the three type of tissues were compared to those found                

in the procedural blanks statistical significant differences were observed for each tissue type (guts              

p​=0.0042, flesh ​p​=0.01, and gills ​p​=0.02). 

 

Different shape types of particles, and their distributions, were detected in gut, gill and flesh               

tissues. Fragments were the predominant shape of particle identified in the all three tissue types,               

followed by film and then fiber (Figure 3A-C). No beads were detected. In farmed fish, fragments                

were the main particle shape observed independent of tissue type. In fish from natural sources, the                

main type of particle shape depended on the tissue, with a higher prevalence of fragments in gill and                  

flesh, compared with films in gut (Figure 3A-C). When comparing the main particle shapes found in                

fish from farmed verses natural source, significant differences were observed in the number of fibers               

detected in gut and gill, with higher counts on farmed fish. The procedural blank samples contained                

mainly fibers. 

 

3.2 Chemical characterization of particles isolated from fish tissues 

A total 208 particles were selected randomly from across all the filters and identified,              

corresponding to 9% of the total particles isolated from all filters/fish tissues, 161 particles were               

identified in its chemical composition at a match rate more than 70%. From these, a total of 22% (36)                   

of particles were confirmed as MPs (Figure 4A). Based on this subset of particle characterization, there                

were individual fish that contained no MPs in any of their tissues. 44% (8 out of 18) of farmed fish                    

sampled had MPs in any of its tissues, while 75% (9 out of 12) of natural source fish sampled                   

presented MPs. It was observed that the individual fish which had MPs presented in average 2.1 ± 1.26                  

items/individual (calculated by summing number of MPs in the examined tissues). Overall,            

polyethylene terephthalate (PET) (30.56%) was the dominant polymer type identified, followed by            
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polyester (PES) (22.22%) and polyethylene (PE) (8.33%); with lower frequencies of other types of              

polymers (Table S2). The latter comprised plastic additives (10.56%) and materials of other             

anthropogenic origin (14.29%) (Figure 4A). Other, non-anthropogenic-source, particles with a high           

frequency of detection were those from biological origins (52.8%) (Figure 4A), being mainly             

cellulose/cellophane (Table S2). In farmed sourced fish tissues, the main polymer detected was PET              

(36.4%), PES (22.7%), polyethylacrylate:st:acrylamide and polycarbonate (both 9.1% each). From          

natural-sourced fish, PET and PES were also the main type of polymer more identified (21.4% each)                

followed by PE and alkyds (both 14.3%) ​(Figure 4B). Cellophane and cellulose were the only type of                 

particles found in the procedural blank samples. In terms of tissue distributions, gut tissue displayed a                

higher diversity of polymer types compared to gill and flesh (Table S2). In the edible flesh tissues of                  

fish, three types of MPs were observed: PET, PP and nylon (Table S2). PET was observed in all three                   

tissue types from farmed fish sources, yet was less abundant in tissues from naturally sourced fish and                 

absent from gut samples (Table S2). PES was identified in gut of natural and farmed fish, but it was                   

not detected in flesh. Alkyd polymers and nylon were only observed in tissues from natural source fish                 

(Table S2). The Odds ratio test indicates that the probability of finding MPs in the flesh of fish from                   

natural source is higher (3.75%) than in the flesh of farmed fish. Nevertheless, the association was not                 

significant.  

 

4. Discussion 

The present study provides a report of MPs and other anthropogenic and natural origin particles in                

freshwater fishes from aquaculture (​Oreochromis niloticus​), farmed in the region of Huila in             

Colombia, and in two natural freshwater fish species (​Prochilodus magdalenae and ​Pimelodus            

grosskopfii​) which are locally consumed. This has allowed a comparison of the MPs contamination              

levels between freshwater fish from farmed and natural sources, as well as the distribution among their                

different tissues. The fish species analyzed correspond to farmed and wild-caught fish that are              
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consumed by humans, which is an approach that helps understand potential exposure levels of MPs               

contamination in the food chain via edible fish tissues.  

 

Our results show that from the particles detected in the different type of tissues, fragments were                

the main type observed in gut, gill, and flesh similarly for both farmed and wild sourced fish. While                  

acknowledging that this study involves a relatively small sample size, the findings are contrary to               

many previous studies using fresh and marine water samples and animal species, where the most               

abundant particle type are fibers (Free et al. 2014; McGoran et al. 2017; Bessa et al. 2018; Li et al.                    

2018). There are a small number of previous reports, such as Rochman et al. (2015) where 60% of 105                   

particles of anthropogenic debris recovered from fish sampled in Indonesia corresponded to plastic             

fragments. Others have similarly highlighted fragments as the most abundant MPs shape in mussels              

(​Mytilus galloprovincialis​) and fish (​Sardina pilchardus​, ​Pagellus erythrinus​, ​Mullus barbatus​), with a            

proportion between 73 – 83% of MPs, classified as fragments (Digka et al. 2018). Finding fragments                

may reflect either a lack of a proper waste management strategies (Rochman et al. 2015; Schwarz et al.                  

2019), or the amount of macroplastic inputs via the Magdalena River eventually degrading over time.  

 

Chemical composition analysis of a subset of particles using micro-FT-IR determined that only             

22.4% of particles identified (with a match rate ≥70%) were MPs, with a further 10.6% and 14.3%                 

identified as plastic additives and other anthropogenic materials respectively. This contrasts with            

previously published studies in which 32-55% of debris items identified from the gut tissues of six                

marine species corresponded to MPs (Digka et al. 2018; Halstead et al. 2018). Cellophane/cellulose              

were the type of particle with a higher prevalence of identification (52.8%). In this study cellophane                

was grouped together with cellulose as particles of natural origin, because the identification technique              

using FTIR for these two polymers are not distinguishable, potentially leading to overestimation of              

MPs source items otherwise. Cellophane is based on a natural fiber, yet additives cause many authors                

to classify it as a MPs (Su et al. 2016). Our finding is consistent with Jabeen et al. (2017), where                    
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49.9% of particles identified in 26 marine species and 6 freshwater species corresponded to              

cellophane. The lower percentage of particles identified as MPs in this study compared to others, can                

be attributed to the exclusion of cellophane as a synthetic MPs. 

 

The freshwater fish species from natural sources selected in this study are characterized as having               

benthopelagic habits (Lasso et al. 2011), in contrast to the farmed fish which have epipelagic habits                

(Lasso et al. 2011). Different habitats of the natural verses farmed fish may account for the higher                 

number of individual wild fish presenting with MPs (75% compared with 44% respectively). Local              

fishing is common in the Magdalena River, which passes through the city of Neiva, with               

approximately 500,000 inhabitants and no WWTP. Several investigations relate population density and            

untreated wastewater discharge, with higher levels of MPs in different matrices (Silva-Cavalcanti et al.              

2016; Horton et al. 2017). Yet, in the fewer individual farmed fish, where MPs were observed in their                  

tissues, a greater variety in the composition of the polymers was observed. Differences in the polymers                

properties such us density, size and area of the MPs (Schwarz et al. 2019), as well as biological                  

interactions (Courtene-Jones et al. 2019), suggest that the epipelagic zone may contain more diversity              

and availability of MPs than in the benthic zone, also with this MPs having a greater horizontal                 

mobility than vertical movement due to water current.  

 

In terms of the polymers detected in the various fish tissues PET, followed by PES and PE, were                  

the main MPs. This is consistent with studies of fish from Chile whereby PET was identified in 75% of                   

fish sampled from the ocean and 80% from the coast, with PE representing 25% (Pozo et al. 2019).                  

Previously, of 34 studies reviewed by de Sá et al. (2018), PE has been identified as the most common                   

polymer. Similarly in contrast to our findings, PE, polypropylene (PP), and polystyrene (PS) have been               

highlighted as the dominant polymers in freshwater systems (Ory et al. 2018; Bordós et al. 2019;                

Schwarz et al. 2019). The type of MPs found in the species analyzed will presumably depend on the                  

quantity and type of polymers most used in the geographical area of study. PE being the most common                  
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plastic used, because of its application in packaging, and PES being a popular material for the                

manufacture of fishing nets (Pozo et al. 2019).  

 

Finally, the tissue distribution of the MPs detected in this study highlights an important difference.               

Higher frequencies (25 out of 36 MPs identified) and greater chemical composition diversity of MPs               

were identified in the gut tissues. This finding is comparable with several studies where presence of                

MPs in gut of fish from different species is a common denominator (Biginagwa et al. 2016; McGoran                 

et al. 2017). While there were no clear differences in the composition of MPs accumulated in tissues of                  

fish from natural verses farm source, PET was more prevalent in farmed fish within all three tissues,                 

yet absent in gut tissues from natural source fish. Critically, within the typically edible tissue, flesh,                

PET, PP and nylon MPs were identified (three particles in natural- and two particles in farm-sourced                

fish), representing a direct exposure route into the human food chain. Also, when looking at the                

sampling location of the five fish presenting MPs in their flesh tissue, all were obtained from the                 

Magdalena River after its pass through the city of Neiva.  

 

In conclusion, fragment shaped MPs, with a higher prevalence in gut tissues, were identified in               

fish tissues from natural and farmed sources. Chemical characterization of the MPs isolated from the               

fish tissues identified PET, PES and PE as the main polymers. A higher number of fish sampled from                  

natural sources presented MPs in their tissues compared to farmed fish, but the individuals cultivated               

in controlled systems presented a broader variety of MPs according to their chemical composition. Due               

to the minimal prevalence of MPs in flesh (0.2 MPs/g) we suggest that there is a low exposure risk to                    

human health via the food chain from the consumption of flesh from freshwater fishes of aquaculture                

and artisanal fishing in the higher part of the Magdalena River. Nevertheless, this preliminary study               

represents only a small number of fish and further research including analysis of water and sediment                

samples at sampling sites is now required.  

 

 



13 

 

Acknowledgements 
 
Thanks to Emma Chapman and the private aquaculture sector of the region of Huila, Colombia. This                

work was funded by a Global Challenges Research Fund grant to the University of Hull. 

 

Data availability statement  

The authors confirm that the data supporting the findings of this study are available within the article                 

and its supplementary materials. 

 

References​ – ​you must include all authors initials in the referencing – I checked some randomly 

and their additional initials are missing, so the whole list must be checked please and all initials 

added. 

Akoueson F, Sheldon L. M, Danopoulos E, Morris S, Hotten J, Chapman E, Li J. Rotchell, J. M 
(2020). A preliminary analysis of microplastics in edible versus non-edible tissues from seafood 
samples. ​Environmental Pollution​ ​263​:14452.  
https://doi.org/10.1016/j.envpol.2020.114452 
 
Andrade M. C, Winemiller K. O, Barbosa P. S, Fortunati A, Chelazzi D, Cincinelli A, Giarrizzo T 
(2019). First account of plastic pollution impacting freshwater fishes in the Amazon: Ingestion of 
plastic debris by piranhas and other serrasalmids with diverse feeding habits.  
Environmental Pollution​ ​244​: 766–773.  
https://doi.org/10.1016/j.envpol.2018.10.088 
 
Bessa F, Barría P, Neto J, Frias J. P. G, Otero V, Sobral P, Marques J. C (2018). Occurrence of 
microplastics in commercial fish from a natural estuarine environment. ​Marine Pollution Bulletin​ ​128​: 
575–584.  
https://doi.org/https://doi.org/10.1016/j.marpolbul.2018.01.044 
 
Biginagwa F, Mayoma B, Shashoua Y, Syberg K, Khan F​ (2016). First evidence of 
microplastics in the African Great Lakes: Recovery from Lake Victoria Nile perch and Nile tilapia. 
Journal of Great Lakes Research​ ​42​(1): 146–149.  
https://doi.org/10.1016/j.jglr.2015.10.012 
 
Bordós G, Urbányi B, Micsinai A, Kriszt B, Palotai Z, Szabó, I, Hantosi Z, Szoboszlay S (2019). 
Identification of microplastics in fish ponds and natural freshwater environments of the Carpathian 
basin, Europe. ​Chemosphere​ ​216​: 110–116. 
https://doi.org/10.1016/j.chemosphere.2018.10.110 
 
Campanale C, Massarelli C,Savino I, Locaputo, V, Uricchio V (2020). A Detailed Review Study on 
Potential Effects of Microplastics and Additives of Concern on Human Health. International Journal of 
Environmental Research and Public Health 17(4): 1212.  

 



14 

 

https://doi.org/10.3390/ijerph17041212 
 
Christopher F, Olaf J, Sherri M, Marcus E, Nicholas W, Bazartseren B (2014). High-levels of 
microplastic pollution in a large, remote, mountain lake. Marine Pollution Bulletin 85(1):156-163. 
https://doi.org/10.1016/j.marpolbul.2014.06.001 
 
Collard F, Gasperi J, Gilbert B, Eppe G, Azimi S, Rocher V, Tassin B (2018). Anthropogenic particles 
in the stomach contents and liver of the freshwater fish Squalius cephalus.  
Science of The Total Environment 643: 1257–1264. 
https://doi.org/10.1016/j.scitotenv.2018.06.313 
 
Courtene-Jones W, Quinn B, Ewins C, Gary S, Narayanaswamy E​ (2019). Consistent microplastic 
ingestion by deep-sea invertebrates over the last four decades (1976–2015), a study from the North 
East Atlantic. Environmental Pollution ​244​: 503–512.  
https://doi.org/10.1016/j.envpol.2018.10.090 
 
de Sá L, Oliveira M, Ribeiro F, Rocha T, Futter M (2018). Studies of the effects of microplastics 
on aquatic organisms: What do we know and where should we focus our efforts in the future?  
Science of The Total Environment 645: 1029–1039.  
https://doi.org/10.1016/j.scitotenv.2018.07.207 
 
De Sales-Ribeiro C, Brito-Casillas Y, Fernandez A, Caballero M (2020). An end to the controversy 
over the microscopic detection and effects of pristine microplastics in fish organs.  
Scientific Reports​ ​10​(1): 1–19.  
https://doi.org/10.1038/s41598-020-69062-3 
 
Departamento Administrativo Nacional de Estadística (2019). Boletín Técnico Exportaciones (EXPO) 
Diciembre 2018. 
https://www.dane.gov.co/files/investigaciones/boletines/exportaciones/bol_exp_dic18.pdf. Accessed 
26 June 2019. 
 
Digka N, Tsangaris C, Torre M, Anastasopoulou A, Zeri C. (2018). Microplastics in mussels and fish 
from the Northern Ionian Sea. Marine Pollution Bulletin 135: 30–40. 
https://doi.org/10.1016/j.marpolbul.2018.06.063 
 
Foley C, Feiner Z, Malinich T, Höök T​ (2018). A meta-analysis of the effects of exposure to 
microplastics on fish and aquatic invertebrates. Science of The Total Environment 631–632: 550-559. 
https://doi.org/10.1016/j.scitotenv.2018.03.046 
 
Gómez H, Pasculli L, Bagés F (2014). Hacia La Sostenibilidad Y Competitividad De La Acuicultura 
Colombiana. https://www.ptp.com.co/CMSPages/GetFile.aspx?guid=37d850dd-342ª 
4dce-b83c-4421f0bd9143 Accessed 19 July 2019. 
 
Halstead J, Smith J, Carter E, Lay P, Johnston E (2018). Assessment tools for microplastics and 
natural fibres ingested by fish in an urbanised estuary. Environmental Pollution 234: 552–561. 
https://doi.org/10.1016/j.envpol.2017.11.085 
 
Horton A, Walton A, Spurgeon D, Lahive E, Svendsen C (2017). Microplastics in freshwater and 
terrestrial environments: Evaluating the current understanding to identify the knowledge gaps and 
future research priorities. Science of the Total Environment 586: 127–141. 
https://doi.org/10.1016/j.scitotenv.2017.01.190. 

 



15 

 

 
Horton A, Jürgens M, Lahive E, van Bodegom P, Vijver M (2018). The influence of exposure and 
physiology on microplastic ingestion by the freshwater fish Rutilus rutilus (roach) in the River 
Thames, UK. Environmental Pollution 236: 188–194.  
https://doi.org/10.1016/j.envpol.2018.01.044 
 
Jabeen K, Su L, Li J, Yang D, Tong C, Mu J, Shi H (2017). Microplastics and mesoplastics in fish 
from coastal and fresh waters of China. Environmental Pollution 221: 141–149. 
https://doi.org/10.1016/j.envpol.2016.11.055 
 
Karami A, Golieskardi A, Ho Y, Larat V, Salamatinia B (2017). Microplastics in eviscerated flesh and 
excised organs of dried fish. Scientific Reports 7(1): 1–9. h 
ttps://doi.org/10.1038/s41598-017-05828-6 
 
Lasso C, Agudelo E, Jiménez-Segura L, Ramírez-Gil H, Morales-Betancourt M, Ajiaco-Martínez R.E, 
Gutiérrez, U (2011). Catálago de los recursos pesqueros continentales de Colombia. In Serie 
Editorial Recursos Hidrobio- lógicos y Pesqueros Continentales de Colombia. Instituto de 
Investigación de Recursos Biológicos Alexander von Humboldt (IAvH). Bogotá 
 
Li J, Green C, Reynolds A, Shi H, Rotchell, J. M (2018). Microplastics in mussels sampled from 
coastal waters and supermarkets in the United Kingdom. Environmental Pollution 241: 35–44. 
https://doi.org/https://doi.org/10.1016/j.envpol.2018.05.038 
 
Li J, Qu X, Su L, Zhang W, Yang D, Kolandhasamy P, Li D, Shi, H (2016). Microplastics in mussels 
along the coastal waters of China. Environmental Pollution 214: 177–184. 
https://doi.org/10.1016/j.envpol.2016.04.012 
 
Lusher A, Hollman C, Mendoza-Hill J (2017). Microplastics in fisheries and aquaculture: Status of 
knowledge on their occurrence and implications for aquatic organisms and food safety. In FAO 
Fisheries and Aquaculture Technical Paper (Vol. 614). 
https://doi.org/978-92-5-109882-0 
 
McGoran A, Clark P, Morritt D (2017). Presence of microplastic in the digestive tracts of 
European flounder, Platichthys flesus, and European smelt, Osmerus eperlanus, from the River 
Thames. Environmental Pollution 220: 744–751.  
https://doi.org/10.1016/j.envpol.2016.09.078 
 
Nadal M, Alomar C, Deudero S (2016). High levels of microplastic ingestion by the semipelagic fish 
bogue Boops boops (L.) around the Balearic Islands. Environmental Pollution 214: 517–523. 
https://doi.org/10.1016/j.envpol.2016.04.054 
 
Neves D, Sobral P, Ferreira J, Pereira T (2015). Ingestion of microplastics by commercial fish off the 
Portuguese coast. Marine Pollution Bulletin, 101(1): 119–126. 
https://doi.org/10.1016/j.marpolbul.2015.11.008 
 
Ory N, Sobral P, Ferreira J, Thiel M (2017). Amberstripe scad Decapterus muroadsi (Carangidae) fish 
ingest blue microplastics resembling their copepod prey along the coast of Rapa Nui (Easter Island) in 
the South Pacific subtropical gyre. Science of the Total Environment 586: 430–437. 
https://doi.org/10.1016/j.scitotenv.2017.01.175 
 
Ory N, Chagnon C, Felix F et al (2018). Low prevalence of microplastic contamination in 

 



16 

 

planktivorous fish species from the southeast Pacific Ocean. Marine Pollution Bulletin 127: 211-216.  
https://doi.org/10.1016/j.marpolbul.2017.12.016 
 
Pazos R, Maiztegui T, Colautti D, Paracampo A, Gómez N (2017). Microplastics in gut contents of 
coastal freshwater fish from Río de la Plata estuary. ​Marine Pollution Bulletin​ ​122​: 85-90.  
https://doi.org/http://dx.doi.org/10.1016/j.marpolbul.2017.06.007 
 
Pozo K, Gomez V, Torres M, Vera L et al (2019). Presence and characterization of microplastics in 
fish of commercial importance from the Biobío region in central Chile. ​Marine Pollution Bulletin​ ​140​: 
315–319. 
https://doi.org/10.1016/j.marpolbul.2019.01.025 
 
Roch S, Friedrich C, Brinker A (2020). Uptake routes of microplastics in fishes: practical and 
theoretical approaches to test existing theories. ​Scientific Reports​ ​10​(1): 3896. 
https://doi.org/10.1038/s41598-020-60630-1 
 
Rochman CM, Tahir A, Williams SL, Baxa DV​ et al (2015). Anthropogenic debris in seafood: Plastic 

debris 
and fibers from textiles in fish and bivalves sold for human consumption. ​Scientific Reports​ ​5​: 1–10. 
https://doi.org/10.1038/srep14340 
 
 
Sánchez E, Ahmed K, Awe Y, World B. (2007). Environmental priorities and poverty reduction : a 
country environmental analysis for Colombia. ​Directions in Development. Environment and 
Sustainable Development​. http://hollis.harvard.edu/?itemid=%7Clibrary/m/aleph%7C010684189. 
Accessed 4 Agust 2019. 
 
Santana M, Moreira F, Turra A. (2017). Trophic transference of microplastics under a low exposure 
scenario: Insights on the likelihood of particle cascading along marine food-webs. ​Marine Pollution 
Bulletin​ ​121​(1–2): 154–159.  
https://doi.org/10.1016/j.marpolbul.2017.05.061 
 
Schwarz A, Ligthart T, Boukris E, Harmelen T (2019). Sources, transport, and accumulation of 
different types of plastic litter in aquatic environments: A review study. ​Marine Pollution Bulletin 
143​: 92–100.  
https://doi.org/10.1016/j.marpolbul.2019.04.029 
 
Silva-Cavalcanti J, Silva J, de França E, de Araújo M, Gusmão F (2017). Microplastics ingestion by a 
common tropical freshwater fishing resource. ​Environmental Pollution​ ​221​: 218–226. 
https://doi.org/10.1016/j.envpol.2016.11.068 
 
Slootmaekers B, Catarci C, Belpaire C, Saverwyns S, Fremout W, Blust R, Bervoets L. (2019). 
Microplastic contamination in gudgeons (Gobio gobio) from Flemish rivers (Belgium). ​Environmental 
Pollution​ ​244​: 675–684.  
https://doi.org/10.1016/j.envpol.2018.09.136 
 
Su L, Xue Y, Li L, Yang D, Kolandhasamy P, Li D, Shi H (2016). Microplastics in Taihu Lake, China. 
Environmental Pollution​ ​216:​ 711–719.  
https://doi.org/10.1016/j.envpol.2016.06.036 
 
Van Cauwenberghe L, Janssen C (2014). Microplastics in bivalves cultured for human 

 



17 

 

consumption. ​Environmental Pollution​ ​193​: 65–70.  
https://doi.org/10.1016/j.envpol.2014.06.010 
 
 

 

 

 


